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=SS INTEGRATED MICROSY
(WIMS)

ated sensors and microactuators merged

)wer signal processing electronics and wil

Inications on a common substrate, somet
fabricated monolithically.

itegrated Sensors and Microactuators (Ml
®* Micropower Microelectronics

* Wireless Communications

other words, WIMS are high-end “smart” MEM
microinstruments that will change the world
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THE IMPORTANCE OF WIMS

present the final frontier in the pervasiveness of
ctronics, coupling it to the non-electronic world.

Il provide devices for improved health care, widely
or bus-organized automotive systems, and the fr
on-gathering networks for monitoring global chang

I also facilitate fundamental research at the single
aps molecular levels through a variety of new dev

Applications:

*Biomedical Systems: Diagnostic and Therapeutic
*\Weather Forecasting and Environmental Monitoring
sportation Systems (vehicles, smart highways, infrastru
\daptive Automated Manufacturing Tools (including VLS
*Smart Homes and Wide-Ranging Consumer Products
*Space Probes and Launch/Satellite Instrumentation
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WIMS ARCHITECTURE

a Wireless

Interface Data Compensation
Power "
)
. Interface 2
O
Power Analog ®
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E
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©
Bus =

nController Interface

MicroController

ents:

e, Micropower MicroController with Power Managemen
n, Software, Wireless 1/0O, Integrated Programmable Tr
erformance Standard Interface, Hermetic Packaging
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THE WIMS VISION

| modular information-gathering and control n
communicating into larger networks and
featuring:

opower Operation (0.1-1mW) => Long Operating |
ll Size (1-5cc) and Modular

1-Accuracy (to 16b) Multi-Parameter Sensing/Actu
-Testing, Programmable, and Digitally-Compensa
irectional Wireless Interface (0.1-1km)

dardized Internal/External Protocols

able Hermetic Wafer-Level Packaging

Idly Configurable and Reconfigurable

tomized in Software and by Transducer Selection

"Cost and Pervasive
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IMPACT OF THE ERC

Diamond
CVD

. / Total Mc
ental Systems
ce / Approach .

Custom Proces:

a Implant DNA MEMS
Packaging Chips/ Wireless
It and RF Micro- umechanics
__| | Telemetry fluidics (DARPA)
(NINDS) (NIH,NCRR
»| DARPA)
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E ERC APPLICATI
TESTBEDS

[otally-Implantable Hearing Prosthe

1 Integrated Environmental Monitori
Microsystem

for Wireless Integrated MicroSystems (WIMS)



OPOWER ENVIRONMENTAL MQ

/ireless :
terface Data Compensation
Dower
terface
Power Analog
nagement Mux/
RAM Amp/ADC
EPROM
Bus
nController Interface

MicroController

2s General Remote Data Gathering, including Apr
Monitoring Environmental Gas and Water Purity
® Blueprint for a Generic Microsystem

s Power, Technology, Sensing, Packaging, Se
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ENVIRONMENTAL MONITORING
TESTBED SENSORS

| Parameters (largely in place)

metric Pressure Capacitiv:
idity Polymer-baset
perature Banc
leration

al Parameters (not yet developed)

\nic Vapor Air Pollutants ( EPA “189” )

janic Gas Air Pollutants ( SO,, NO,, ) Electrc
Id Pollutants (Heavy Metals) Potet

Chemical (Gas) Sensing of Air Quality

A Micro Gas Chromatograph (uGC)

geting the top 45 gases from the EPA “Air Toxics” |
Vapor Concentration Range: 10-100ppb
Wide Range of Volatilities: 1000-fold
..... and do it in 1cc at <IlmW
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MACHINED GAS CHROMATOt

electroplated
channel L ]

column via

\ polar / non

columns
1-2 cm

~
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AXIS MICROMACHINED ACCELEROME

* Novel Single-Wafer All-Silicon Integrated Electrode Structure
Je Proof Mass, Small Gap, Large Capacitance For High Reso
yrated Stiff Polysilicon Electrodes, Low-Temp. Sensitivity, Low
_losed-Loop Force-Rebalanced Using A Sigma-Delta Modulat

Polysilicon
Top/Bottom Polysilicon

Electrode gyiffeners
" Proofmas:

Suspensio
. Beams
N Frame
ened Polysilicon Proofmass

Electrode
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-CHIP MICROMACHINED SILICON

CELEROMETER

lil Najafi, University of Michigan

. P++ Doped
- Si sp%]sion beams

‘Q =1
A dhe

¥27  imm WD2B .

i

Close-up of The Sense Electrode,
Stiffener, & Proof Mass
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nterface Circuit Chip Test Result

Parameter Value
2.6X2.4mm?
>k 200kHz
1tion <6.6mW @5V
sensitivity 0.3-1.1V/pF |
85nV/CHz - _
Resolution  <75aF nt Er|td %Wltched ~
je (1Hz BW) 95dB | |C|rcmt g
2.7mV w/o Chop ""‘""‘““‘"“""“
370nV w/ Chop. | = | = ememe -
_Module )
“quiv. Res.  <3.7 ng/CHz mizs ]
i omp-;_enerator Clr(
;*mma:::
. 20 A AN
Aichigan
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BEST-CASE NOISE ANALYSIS

0ise sources in a closed-loop microaccelerometer
ma-delta interface at atmospheric pressure, vacul
vacuum with improved low-noise interface circu

S @AtmMpo:

z Bandwidth) Presst
. [ug-rr
3rownian Noise 1.8
arge | ntegrator Noise 0.4
plifier noise)
Jing Reference Voltage 0.3
0.5
Noise 0.0
al Motion 0.1¢
loise 1.94

V Damping + Enhancing Circuit Performance Are "
Factors In Achieving Nano-g Performance
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VIBRATING RING GYROSCOPE

® Aring, semi-circulz

springs, and drive,
control electrodes.
Two “identical” flex
vibration.
Electrostatic actua
capacitive detectio
Fully-symmetrical :
=> Less sensitive 1
vibrations.
“Identical” flexural
for sense and drive
(fsense=fdrive).
=> Sensitivit
by the quality fac
=> Less tem
sensitivity.
Electronic Balanci
Frequency Mismat
Device/Process N¢



NTEGRATED RING GYRO®

Measuring r:
on the head

1994

Electroformed N
1mm in diamete
Resolution: 0.5

ARl OGO 2

1999 | E.fﬂ}_e

All Silicon Ring [l
2mm diameter
Resolution: 5m°/sec
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SCEIVER MINIATURIZATION VIA

LNA Mixer LNA Mixer Re

Baseband Bl
>_® % » Electronics Di:
¢

IF Filter

AR |
X
¥

Transistor | | Xstal
lectronics '

Coupling | \

- Resonators

d Level Implementation

high-Q mechanical components present bottlene

ization " replace them with umechanical versions
Courtesy Clark Nguyen, University o
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aturization of Transceivers via M|

1Igh-Q mechanical components present bottlenecl
ation » replace them with umechanical versions

Courtesy Clark Nguyen, University o
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>OLID-STATE OF PROGRE

d Radios to Portable Radios to Cellular Phones to WIM

/.

One-way Voice Two-way Voice

e 0.1-0.3 watts Entered Data
——— 600cc 0.8-1.5 watts
Voice 100cc
yatts
)cC

 (tubes) Transistors/ICs Cellular
~1d55 ~1955 ~25#1<

for Wireless Integrated MicroSystems (WIMS)



CONCLUSIONS

-Michigan ERC for Wireless Integrated MicroSyst
1g tiny information-gathering modules that will inte
onics with the non-electronic world. Together with
grants and contracts, it involves over 80 doctoral

] 20 companies.

1 projects in micropower circuits, wireless interfac
ackaging are focused on two testbeds: a chronic:
» neural prosthesis, and a wireless environmental
amperature, humidity, acceleration, and gaseous |

nicroaccelerometers is now producing sensitivities
lyros have achieved tactical-grade performance.

become pervasive over the next twenty years, for
f information networks and bridges to nanotechno
gy, and a wide array of applications, perhaps incl
ants of soil dynamics, structural stability, and seist
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